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COMPUTER PROGRAM DETAILS FOR DESIGN OF 

SENSIBLE--HEAT SPACE RADIATORS 

by Bruce M. Auer and Arthur V. Saule 

Lewis Research Center 

SUMMARY 

A program was designed f o r  the calculation of the performance, weight, and 
area character is t ics  of a single-panel central-fin-tube f l a t -p l a t e  sensible-heat 
radiator  fo r  a se t  of thermodynamic and fluidmechanic conditions. The 
FORTRAN 7094 main program and i t s  subroutines are reported herein. 
i s  based on the analysis, equa.tions, and techniques developed and reported i n  
NASA. Technical Note D-2839. 

The p r o g m  

A typica l  computer printout sheet i s  included and a discussion of the  def- 
in i t ions  of the FORTRAN symbols and groups of numbers that designate the 
the e r ror  t e s t s ,  and the outputs i s  presented. 

INTRODUCTION 

A design analysis and general characterist ics of f la t -p la te  central-fin- 
tube sensible-heat space radiators  were presented i n  reference 1. It was shown 
therein tha t  a combination of equations based on the re la t ions  of heat transfer, 
f l u i d  mechanics, and meteoroid protection resulted i n  specific re la t ions  for  
calculating radiator  geometry, w e i g h t ,  and panel planform area. I n  order t o  
perform the  parametric studies reported i n  reference 1, these equations and re- 
quired inputs were programed fo r  an IBM 7094 electronic d i g i t a l  computer. 

The purpose of t h i s  report  i s  t o  describe the  FORTRAN 7094 main program 
and i t s  subroutines. 
Kalaba's method) w i l l  be discussed i n  more detai l .  Computer program diagrams 
are  included t o  i l l u s t r a t e  the procedure and t o  show how the various elements 
and subroutines are interconnected t o  generate the required outputs. 

Some phases of the computational procedure (e.g., 

In  addition, a typ ica l  printout sheet w i l l  be presented and explained. It 
a contains the inputs and the outputs f o r  two sensible-heat radiator  examples: 

Brayton cycle case and a secondary cooling radiator case. Various FORTRAN 
symbols and groups of quantit ies without symbols w i l l  be defined as they a re  
writ ten and appear on the printout sheet. The def ini t ions correspond t o  the 
definit ions of the symbols used i n  reference 1. 



SYMBOLS 

A 

D 

F 

h 

L 

Re 

RO 

T 

t 

uO 

W 

Z 

'3 
'a 
11 
e 
A 

area, sq f t  

diameter, f t  

angle factor  

heat-transfer coefficient,  Btu/( see)(  sq  f t)(  OR) 

half-fin width, f t  

Reynolds number 

outside tube radius, f t  

absolute temperature, OR 

f i n  thickness, f t  

overall heat-transfer coefficient,  Btu/(hr) ( sq  f t  ) ( O R )  

weight, l b  

tube length, f t  

heat-transfer parameter 

m o r  thickness, f t  

fin-tube effectiveness 

dimensionless temperature r a t i o  

dimensionless conductance parameter 

Subscripts : 

H header 

j at  location j 

0 outside 

S sink 

t tube 

t o t  t o t a l  

X at  location X - - 
- 

COMPUTATIONAL PROCEDURE AND COMPUTER PROGRAM LISTING 

Procedure 

As shown i n  the analysis section of reference 1, a combination of equations 
based on the relat ions of the  heat t ransfer ,  f l u i d  mechanics, and meteoroid pro- 
tect ion resulted i n  cer ta in  re la t ions  for  calculating radiator  s ize ,  weight, and 
panel planform area. 
and required inputs were programed for  an IBM 7094 electronic d i g i t a l  computer 

I n  order t o  perform the  parametric studies,  these equation? 
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The FORTRAN 7094 program consists of two versions of the main program and 
four subroutines. The only difference i n  these versions i s  tha t  the f irst  ver- 
sion finds the fin-tube effectiveness by solving the proper equations using 
subroutines TOJ, DEQZ, and FXX. The second version using subroutine TABLE f inds 
fin-tube effectiveness by interpolating i n  a table l i s t i n g  fin-tube effective- 
ness, which i s  read in to  the machine. Hereinafter, the main program re fe r s  t o  
e i ther  version. 

The flow diagram of the main program i s  shown i n  figure l ( a ) .  The main 
program i s  wri t ten fo r  e i ther  a gas, a l iquid,  or a l iquid metal as the working 
f lu id .  
the r a t i o  of header surface area t o  tube surface area AE/%. 
l iquid metals the  r a t i o  AH/& 
assumed t o  be negligible compared with the tube surface area. 

For the radiator  using gas as the working f lu id ,  the program involves 
For l iquids  and 

does not appear, since the header area i s  

Block 1 of figure l ( a )  contains the main program inputs. They are  the 
physical and thermal properties of the working f l u i d  and the radiator s t ruc tura l  
materials (such as,  sonic velocity, viscosity, specific heat,  density, thermal 
conductivity, emissivity),  as well as meteoroid protection parameters (meteoroid 
flux , density, operation time, probabili ty of no meteoroid penetration , occlu- 
sion and spall ing fac tors ) .  Also included a r e  the flow r a t e ,  inlet and out le t  
temperatures, the pressures and pressure drops, the accuracy percentages of the 
computations, the  branching command numbers, and the number of points i n  the 
various meshes. 

Parts of some equations can be computed based on the  inputs and constants 
l i s t e d  i n  the previous paragraph. This i s  done i n  block 2 of f igure l (a) .  
next s tep  i s  t o  read and write the input paraneters: 
tube prof i le  r a t io ,  and f i n  conductance parameter at  the radiator i n l e t .  
are  branches throughout the program tha t  select  e i ther  gas, l iquid,  or l iquid 
m e t a l  radiator  equations, variables, and constants. 
tubes and headers with inside l iners .  Both turbulent-flow and laminar-flow 
equations a re  contained i n  the program for  a l l  three mediums: 
l iquid m e t a l .  
flow equations. 
ed. 
inputs ( i f  the Reynolds number indicates turbulent flow) or t o  f ind a second 
solution from t he  laminar-flow equations. 
the Reynolds number is  l e s s  than 2300 or greater than 3000. If the  Reynolds 
number i s  between 2300 and 3000, both l a m i w  and turbulent flow re su l t s  a r e  
printed. 

"he 

There 

The progran i s  wri t ten f o r  

gas, l iquid,  and 

After the solution i s  converged, the Reynolds number is  check- 

inside tube diameter, f i n -  

F i r s t ,  a solution i s  obtained for given inputs from turbulent- 

Then the Reynolds number i s  used as a t e s t  e i ther  t o  read the next s e t  of 

A single r e su l t  i s  printed out when 

The noteworthy feature of the main program i s  the i t e r a t ion  fo r  the over- 
a l l  heat-transfer coefficient.  
proceeds by using the method of f a l se  position (Regula Fa l s i )  t ha t  is  based on 
the principle tha t  a curve over a short interval can be approximated by a 
s t ra ight  l i ne  between two values, each being on opposite sides of the right 
value. The same method is  used t o  calculate the r a t i o  A H / h  f o r  the gas work- 
ing f lu id .  The overall  heat-transfer coefficient i t e r a t ion  i s  accomplished 
within the AH/+ i t e ra t ion .  

The i te ra t ion  starts with a guessed value and 

During both i t e r a t ion  processes the values fo r  the tube and header w a l l  
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Start 

1 I 

2 

Compute 
parts of 
program 
equations 

Read and write 
L 

I No I 
Compute 
program 
constants 

I Guess Uo I A v I I 

IS READ >O? 

Write 

1 Yes 

Yes 

Compute 
temperature 
profile 
Do and Z 

1 - 
* 

I 
Compute 
D,b,W 
hi, (&)it1 Compute 

(AH’At)itl 

t 
Compute 
gas 
weights 

* No 

Compute 

( l iquid metal) 
weights 

~ l iquid No Compute 

and variables 
4 t, Re, 

(a) Main program. 

Figure 1. - Computer program f lav diagrams. 
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c 

Start 

Compare 
variables 

CALL DEQZ 
and compute 
0; compute 
Vjv Yj 

Compute 

Compute 
(Tofli+l 

No 

Compute 
variables 

h 

(b) Subroutine TOJ. 

F- profile 

F- integrals 

(c) Subroutine Roc 

Figure L - Continued. Computer 
program flw diagrams. 

thickness, the tube outside diameter, the tube length, 
number of tubes, tube and l iqu id  content w e i g h t s ,  and 
the panel planform area are a lso obtained. With t h i s  in-  
formation, the ha l f - f in  width, the f i n  thickness, f i n  
weight, and header dimensions and weights are  obtained. 

Within the i te ra t ion  of overal l  heat-transfer coef- 
f i c i e n t ,  the program solves f o r  the  tube surface tem-  
perature of each isothermal elemental s t r i p  by Newton's 
method. The first version requires a subroutine TOJ, 
the  flow diagram fo r  which i s  shown i n  figure l (b ) .  
fin-tube effectiveness is a l so  computed by the subroutine 
TOJ. This involves solving the second-order d i f f e ren t i a l  
e quat ion 

The 

where 

e = i  at  5 1 = 0  1 

by using subroutines DE@ and FXX. 
routines w i l l  be discussed l a t e r .  As part of Newton's 
method, the derivative dq is  computed, and a value of 
To,j i s  obtained, which i s  checked against the guessed 
value depicted i n  the first block ( f ig .  l ( b ) ) .  The i t e r -  
a t ion i s  repeated u n t i l  the  new value of To,j  agrees 
with the  previous value within the required accuracy. 

The subroutine FXX ( f ig .  l ( c ) )  computes the angle 

These additional sub- 

factors  between f i n  and tube at  each mesh point fo r  use 
i n  the subroutine DEQZ ( f ig .  l ( d )  1. 
obtains integrals  independent of 8 t o  be used i n  sub- 
routine TOJ ( f ig .  l ( c ) )  fo r  calculating the in tegra l  i n  
the expression for  the fin-tube effectiveness (ref. 1). 
The subroutine DEQ2 i s  used t o  solve the second-order 
d i f fe ren t ia l  equation (eqs. l ( a )  and ( b ) )  with i t s  
boundary conditions (eq. ( 2 )  ) . 
program was devised by Kalaba (ref. 2 ) .  With t h i s  
method, O4 i s  approximated by a l inear  function 8, 
namely, by the first two terms of i t s  Taylor series.  
cen t ra l  differences a re  applied t o  a%/*. The l inear  
approximation, the difference approximation t o  dz8/@, 
and the  boundary conditions a re  used t o  obtain a s e t  of 
l inear  equations whose corresponding tri-diagonal matrix 

Subroutine FXX also 

The method used i n  t h i s  

The 
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Start 
Start 

Determine 

Determine 
h range 

Guess 
9 profile 

Obtain 
two-diagonal 
system 

J. 
Solve system 
for ei+l 
profile 

Obtain 
values 

table 

Compute q o t  r-l and SLPME 

(d) Subroutine DEQ2. (e) Subroutine TABLL 

Figure 1. -Concluded. Computer program flow diagrams. 

i s  reduced t o  two-diagonal form. 
a ture  8 prof i le  is  then solved by backward 
substi tution. An i n i t i a l  8 prof i le  guess 
i s  used and each successive i t e r a t i o n  yields 
approximately one s ignif icant  f igure of 
accuracy. 

The temper- 

By using the second version of the  main 
program, computation time can be s ign i f i -  
cantly reduced with the  introduction of a 
tab le .  The subroutine cal led TABLE 
( f ig .  l ( e ) )  now i s  used instead of sub- 
routines TOJ, FXX, and DEQ2. 

The values of the  fin-tube effect ive-  
ness were f i rs t  obtained from subroutines 
TOJ, FXX, and DEQ2 by using the  fin-tube 
p ro f i l e  r a t i o ,  conductance parameter, and 
sink temperature r a t i o  as independent var i -  
ables. These values a re  then tabulated f o r  
use i n  subroutine TAB;LE. The first version 
may be used i f  these parameters a re  out- 
side the range of  TABLE o r  if it i s  desired 
t o  avoid the  s l i gh t  inaccuracy caused by 
using l i nea r  interpolat ion of nonlinear 
functions. 
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c I 

RHAL=RHAIK  

GO TO 165 
155  FF= l .O  

160 READ ( 5 , 9 ) S C V E L , F M A S , V I S C I U ” , T I N L T I N L T ~ T E X I T ~  RGASIPINLT, 
1 RHAFIRHAH,RHAT,PTUBT,PTUBH~THERKFITCGAS,TS~RHAC 

WRITE (6,663)  
WRITE ( ~ , ~ ) S C V E L * F P A S I V I S C , U H E ~ R D I C P H I T I N L T , T E X I T *  R G A S v P I N L T q  

~RHAFIRHAHIRHATIPTUBT,PTUB~,THERKF,TC~AS,TS,RHAC,STEPH~ALPHA* 
~ B E T A I E M A C H , R H A P I V A V G I P ” , F C C L U , T D A Y I E P S L , A T I C K , F T E S T , T E ~ T *  
3 TESUHIFNPESHIFATST,GSRLQ*QLMR*TZWR 

PDRPT=PINLT*PTUBT 
PDRPH=P I NLT*PTUBH 

RHAIN=PINLT/(RGAS*TINLT) 
PEXIT=PINLT-(PDRPT+2.O*PDF!PH) 

Program L i s t i n g s  

0010 
0 0 2 Q  

0060 
0070 
0090 
0190 
0110 
0 1 2 0  
$ 1 3 0  
C140 
0 1 5 0  
0160 
G 1 9 0  
0200 
0210 

0 2 2 0  

0240 
0 2 5 0  

0 2 6 0  
0 2 7 0  
0 2 0 0  
0 2 9 0  
0 3 5 0  
0 3 6 0  
0 3 7 0  
0 3 8 0  
0390 

0410 

0 4 5 0  
0460 
0470 
0 4 8 0  
0490 
0500 
0510 

7 



. 

C 

C 
1 6 5  

2 0 1  

2 0 4  

2 0 6  

5 

6 

7 
8 

10 

T I N T D 2 = T I N T D * * 2  
TEXTD2=TEXTD**2 
FF2zTEXTD2-T I N T D 2  
F F 3 = T E X T D Z * T E X T D - T I N T D Z * T I N T D  
F F = 1 * 5 * F F 2 / ( F F 3 * T I N L T )  

FLTN= 2.0 

D E L T = ( T I N L T  - T E X I T ) / F N M E S H  
TEMPRD=TINLT-DELT/Z.O 
H I  1 =RHA I N / V I  SC 
H I3=VISC*CPH/TCCAS 
I F ( Q L M R 1 2 0 4 r 2 Q 4 9 2 0 1  
H I 4 = H I  3 * * 0 * 4  
H 1 5 = 0 * 6 2 5 * T C G A S * H I 4  
GO TO 206 
H I 4 = H I  3**0.3 
H15=0.023*TCGAS*H14 
DELZNl=FMAS*CPH*DELT 

FMASZ=FMAS*FMAS 
DELZN2=3600*O*DELZNl/PIE 

D E L T 1 = ( 6 2 . 4 5 * R H A P / R H A T ) * * O o 5  
D E L T 2 = ( V A V G / S C V E L ) * * ( 2 * 0 / 3 . 0 )  
DELT3=10~6747E-04~RHAP)**l1~0/3o0) 
BETAD=1.0/ (3.0*6ETAI  
D E L T 4 = - T D A Y * A L P H A / A L O G ( P N A N )  
D E L T 5 = 2 . 0 / ( 3 * C * E M A C H * B E T A + Z * C )  
DELT6=PIE*DELT4*DELT5  
D E L T A l = D E L T l * D E L T 2 * D E L T 3  
D E L T A Z = 2 . 0 * A T I C K * F C C L U * 3 F L T A l  
FMAS23=20*3 /FMAS 
ZBG3=RHAIN*PDRPT/FF 

ZBG5=(1~0/VISC)**(1.0/14.0~ 
ZBG7=ZBG4*ZBG5 
VNE1=4.0*FMAS/lPIE*RHAIN) 
W T l = P I  E*RHAT 
TS4 = T S**4 

Z B G 4 = Z B G 3 * * ( 5 * 0 / 1 4 * 0 )  

WF1=2mO*RHAF 
R E A D ( 5 r 5 2 4 )  J D I , ( D I J ( J ) r J = l r J D I )  
R E A D ( 5 9 5 2 4 )  J F L R v ( F L R J l J ) , J = l r J F L R )  
R E A D ( 5 9 5 2 4 )  JBRU,IFLAMRJ(J)rJ=l,JBRU) ,REA[? 
DO 5 2 5  J B l = l r J B R U  
FLAMRD= F L A M R J ( J B 1 )  
DO 5 2 6  J B Z z 1 9 J F L R  
FLR= F L R J (  J 6 2  1 
DO 120 J B 3 = 1 9 J D I  
DI = D I J ( J B 3 )  
WRITE 1 6 9 1 0 )  D I  9 FLRIFLAMRD 
FORMAT( l H C ,  5H D I = E 1 3 * 6 9 3 X 1  

1 5 H  FLR=E13.693X,7HFLAMRD=E13.6) 
C 
C 

I F ( R H A C ) 4 6 0 9 4 6 0 , 4 6 1  

GO TO 4 6 4  
460 DLCC=O.O 

4 6 1  D I 0 4 = o 0 4 * D I  
I F ( D I 0 4 - . 0 0 1 2 5 )  4 1 7 9 4 1 5 9 4 1 5  

4 1 5  D L C C = D I 0 4  
GO TR 464 

417 DLCC=o00125  

0520 
0 5 3 0  
0 5 4 0  
0550 
0560 

0 5 8 0  
0 5 9 0  
0600 
0610 
0620 
0 6 3 0  
0640 
0650 
0660 
0670 
0680 
0690 
0700 
0710 
0720 
0 7 3 0  
0740 
0750 
0760 
0770 
0 7 8 0  
0790 
0 8 0 0  
0 8 1 0  
0 8 2 0  
0 8 3 0  
0 8 4 0  
0850 
0 8 6 0  
0 8 7 0  

0910  

0310 
0 3 2 0  

0 3 4 0  
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c 

C 
C 

464 DLCC2= DLCC+DLCC 
JL23= 0 
LAOTR= 2 
DEBUG DLCC,DI 

c 
I C 

605 I F f G S R L Q )  306,3069310 
306 J A T = 1  

JATl=O 

I J A T 3 = 2  
J A T 4 = l  
J A T 5 = O  
J A T 6 = O  

, JATZ=O 

I 
A H T t O  3 
A H T l = O e 3  

308 AHT2r0 .3  
GO TO 312 

310 JAT=O 
312 GAMl=STEPH+FLTN+EPSL/PIE 

~ 

TLITTl=STEPH+FLTN*EPSL/THERKF 
FNC=FLAMRD 
C A L L  TABLE 
ETARD=ETATOT 
D 1 2 = D I  + D I  
Z B G 6 = D I + + ( 1 2 e 0 / 7 e O )  
GAMZ=ETARD*( leO+FLR) 

11 GAM3=GAM2+GAMl 
UHETP=UHETRD 
KCNT=O 

TEMPl=TEMPRD 
FLAMl=FLAMRD 
E T A 1  =ETARD 
GAMMAl=GAM3/UHET 
GAMSAV=GAMMAl 
KPP=O 
TDMY=TEMPl 

TDMY4=TDMY2+TDMY2 

14 UHET=UHETP 

17 TDMYZ=TDMY+TDMY 

FNWTl=GAMMAl* (TDMY4-TS4)  

I F ( A B S ( F N W T ) - F T F S T )  2 5 , 2 5 9 2 0  
18 FNWT=FNWTl+TDMY-TEMP1 

2 0  I F ( K P P - 2 0 )  23923921  
2 1  WRITE (6 ,221  
22 F O R M A T ( l H O 9 3 2 H  TROUBLE-LOOK AT STATEMENT N0.20) 

GO TO 120 
23 K P P = K P o + l  

TDMY3=TDMQ+TDMY 
DNWT=4oO+CAMMAl*TDMY3+1. 

24 TDMY=TDMY-FNWT/DNWT 
GO TO 17 

2 5  TSAVE=TDMY 
TZERC=TDMY++3 
DELZN=DELZNZ/(TEMPl-TSAVE)/UHET 
D Z N r D E L Z N  
TWR ( 1  )=TDMY 
D E L Z N W ( l ) = D E L Z N  
JEND=NMESH 

0940 
0950 
0960 
0970 
0900 
0990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1 2 0 0  
1 2 1 0  
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
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3 0  

3 5  
3 6  

3 7  

3 9  

40 
41  
4 2  

4 3  

44 

4 5  

4 8  

5 0  

5 5  

3 2 0  

5 7  
3 2 4  

6 0  
67 

C 
C 

446 
4 5 0  

4 5 2  

C 
C 

F L W R I T ( 1 ) '  FLAMRD 

KNN=O 

TSAVE3=TSAVE**3 

D F N T W 2 = D F N T W l / ( F T A l + T S A V F 3 )  
TDMY=TEMPZ 
F L A M 2 = F L A M l * ( T D M Y / T S A V E ) + + 3  
F NC = F LAM 2 
CALL TABLE 
ETAZ=ETATOT 
G A M M A 2 = G A M M A l * ( E T A 2 / E T A l )  
TDMY Z=TDMY*TDMY 
TDMY4=TDMYZ*TDUY2 
F N T W l = G A M M A 2 * ( T 9 M Y 4 - T S 4 )  
FNTWzTEMP2-TDMY-FNTWl 
IF(ABS(FNTW)-TFST)4594594@ 
I F ( K N N - 2 0 )  4 3 9 4 3 9 4 1  
WRIT? ( 6 9 4 2 )  
F O R M A T ( l H 0 9 3 2 H  TROUBLE-LOOK AT STATEMENT N O 0 4 0 1  
G O  TO 1 2 0  
KNN=KYN+l 
TDMY3=TDMY2*T3MY 

DFNTWT=DFNTW2*DFNTW3*SLPME 

DO 5 5  J = 2 r J E N D  

TEMPZ=TEMPl-DELT 

DFNTW1=3.O*GAMVAl*FLAMl 

D F N T W 3 = ( T D M Y 4 - T S 4 ) * T D M Y 2  

DFNTW4=4oO*GAMMA2*TDMY3 
DFNTW=-( leO+DFNTW4+DFNTWT)  
T3MY=TDMY-FNTW/DFNTW 
GO TO 3 5  
TSAVE=TDMY 
TEMPl=TEMP2 
GAMMA1 =GAMMA2 
F L A M l = F L A M 2  
E T A l = E T A 2  

DZN=DZN+DELZN 
TWQ ( J )  =TDMY 
DELZNW(J)=DELZN 
F L W R I T ( J ) = F L A M Z  
CONTINUE 
I F (  JAT 1 5 7  957  9 3 2 0  

D E L Z N = D E L Z N Z / ( T E M P l - T S A V E ) / U H E T  

DLAHT=l.O+AHT 
DELTE=(DZN*DELT6*DLAHT)* *BETAD 
GO TO 3 2 4  

DELTA=DELTAZ *DELT8 
D I A T = D I + F L T N * ( D E L T A + D L C C )  
ZN=DZN/D I AT 

D E L T B = ( F L T N + D Z N * D E L T 6 / Z o O ) * * B E T A D  

I F ( L A 0 T R - 1 )  4 4 6 9 4 4 6 9 4 4 8  
I F (  GSRLQ) 4 5 0 9 4 5 0 9 4 5 2  
Z B G 1 =  0 .7903*ZN*P INLT*P INLT*PTUt3T*DI * *4  
Z B I G =  SQRT(ZBGl/(FMAS*RGAS*TINLT*VISC*FF)) 
GO TO 69 
Z B G l =  0.7907*ZN*RHA I N*PDRPT*DI *k4  
Z B I  G= SORT ( Z B G l / F M A S / V I  SC 
GO TO 6 9  

1 4 6 0  
1 4 7 0  
1 4 8 0  
1 4 9 0  
1 5 0 0  
1 5 1 0  
1 5 2 0  
1 5 3 0  
1 5 4 0  
1 5 5 0  
1 5 6 0  
1 5 7 0  
1 5 8 0  
1 5 9 0  
1600 
1610 
1 6 2 0  
1 6 3 0  
1640 
1 6 5 0  
1 6 6 0  
1 6 7 0  
1 6 8 0  
1 6 9 0  
1700 
1710 
1 7 2 0  
1 7 3 0  
1 7 4 0  
1 7 5 0  
1 7 6 0  
1 7 7 0  
1 7 8 0  
1790 
1 8 0 0  
1 8 1 0  
1820 
1830  

1840 
1 8 5 0  
1 8 6 0  
1 8 7 0  
1880 
1 8 9 0  
1900  

2 0 3 0  
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448 ZBGl=FMAS23+ZN 
ZBG2=ZBC1**(9.0/14.0) 

68 ZBIG=ZBGZ*ZBG6*ZBG7 
69 FLATN=ZN/ZBIG 

NBIG=FLATN 
DEBUG LAOTR,ZBG~,ZBIG~ZNIPDRPT~DI 

BIGN=FLOAT(NBIG)+l.O 
IF(FLATN-BIGN+l.O) 71971973 

71 BIGN=BIGN-l.O 
73 VNE=VNEl/(BIGN*DIZ) 

c 
IF(LA0TR-1) 4569456,454 

456 HI= 4,36*TCGAS/DI 
GO TO 458 

C 
454 IF(QLM4)2129212,210 
210  YI2=(HIl+VNE*DI)**O.4 

212 HI2=(HIl*VNE*OI)**O.8 

458 GIAT36=3600.O/DIAT 

G O  T n  75 

75 HI=HI5+HIZ/DI 

DEGUG HI.HI2rVNE9BIGN 
C BRANCH AND COMPUTE Uo 
C 

IF(QLMR1 5209520,503 
503 DA3DI= DIAT/DI 

UOOl = DAODI/(3600.0*HI) 
UOLN= ALOG(DAOD1) 
U O O Z =  DIAT*UOLN/(THERKF+THERKF) 

GO TO 522 
UHETP= 1.0/IU001+UOO2) 

C 
520 UHETP=DIAT36*HI*DI 
522 DIFFU=UHETP-UHFT 

TESH=('JHETD+UHFT)*TESUH/2oO 
77 ADIFFU=ABS(DIFFU)-ABS(TESH) 

78 KCNT=KCNT+l 
IF(ADIFFU)85985,78 

IF(KCNT-20) 14914982 
8 2  WRITE (6983) 
8 3  FORMAT(lHO932H TROUBLF-LnOK A T  STATEMEYT N0.78) 

GO T7 120 

F LE N 2 = F L E N*F LEN 

TLITTZ=TLITT?*FLENZ/FLAMRD 
TLITT=TLITT2*TZERC 

WF2=WF 1*FLEN 
WT2=ZN*WT1 

8 5  FLEN=FLR*DIAT/Z.O 

FLDI=DIAT+Z.O+FLEN 

TLITTW=lZ.O*TLITT 

IF(GSRLQ)445,445r435 
435 DCC=DI+DLCC+DLCC 

DCCZ=DCC*DCC 
WCTl=PIE*ZN/+oO 
WCTZ=RHAT*(DIAT*DIAT-9Cc2) 
WCT3=RHAC*(!lCCZ-DI+CI) 
WT=WCTl*(WCTZ+WCT3) 
G f l  TO 87 

445 UT= P I E * Z N + ( R H A T * D E L T A * ( D I + D L C C 2  +DELTA) +RHAC*DLCC*(3I+DLCC)) 
DEBUG WT~DLCCICELTA~ZN 

97 WF=WFZ*ZN*TLITT 

2050 > 060 
2 070 

2080 
2 090 
2100 
2110 
2120 

2140 
2150 
2160 
2170 

2190 
2200 
2210 
2220 
2230 
2240 
2250 
2260 
2270 
228@ 
2290 
2300 
2310 
2320 
2330 
2 340 
2350 
2 360 

2380 
2 390 
2400 
2410 
2420 
2430 
2 440 

2460 
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169 
170 

4 5 5  

173 

174 
C 
C 

6 0 9  
6 4 8  

6 1 0  

6 0 7  
6 0 2  

6 1 4  
C 
C 

6 0 1  
4 7 7  

4 7 9  

4 8  5 

P A N E L = Z N * D I A T + ( l o O + F L R )  
REYN=VNE*DI *RHAIN/V ISC 
I F ( G S R L Q ) 1 @ 0 1 1 8 0 ~ 1 7 0  
P124=1.0/24.0 
P524=5.0/24.  0 
P924=9.0/24.  0 
DH1= PDRPHxRHAIN 
DH2= B I G N * F L D I / D H l  
DH4= DH2**P524  

DH6=FMAS**P924 
DH=DH4*DHS*DH6 
WLQHZ=BIGN*FLDI*RHAH 

WCHZ=RHAH*DELTA*(3H+DELTA+DLCC+DLCC)  
WCH3=RHAC+DLCC*(DH+DLCC)  
WLQH=WCHl*(WCH2+WCH3) 

WLQI3=WLQ!Z*DH+DH 
W L Q I 4 = W L Q I 3 + D I 2 * Z N  

WLQ2=WT+WF 
WLO=WLQZ+WLQH+WLQI 

DH5=0.174*VISC**P124 

WCH1=2.O*PIE*BIGN*FLDI 

WLQ I 2 = 2  O*B I GN+FLDI 

WLQ!=P!E*RHAIN*WLQI4/4.0 

2 4 7 0  
2 4 8 0  
2 4 9 0  
2 500 
2 5 1 0  
2 5 2 0  
2 5 3 0  
2 5 4 0  
2 5 5 0  
2 5 6 0  
2 5 7 0  
2 5 8 0  
2 5 9 0  
2 6 5 0  
2 6 6 0  
2 6 7 0  
2 6 8 0  
2 7 2 0  
2 7 3 0  
2 7 4 0  
2 7 5 0  
2 7 6 0  
2 7 7 0  

DEBUG 
I F I J L 2 3 - 1 )  6 3 7 , 6 0 9 , 6 0 1  
IF (REYN-2300 .C)  6 4 8 1 6 1 0 , 6 1 0  
W R I T E  1 6 , 6 4 6 )  
GO TO 6 0 1  
W R I T E ( 6 9 6 1 2 )  REYN 
GO T O  1 2 0  

J L 2 3 =  1 
LAOTR= 1 

GO TO 6 0 5  
JL23=  2 

LAOTRIREYN r V N E t D I  (RHA I N  t V I S C  r R I G N 9  J L 2 3  

I F ( R E Y N - 2 3 0 0 . 0 )  6 0 2 9 6 1 4 9 6 1 4  

WRITE ( 6 , 6 2 4 )  QFYN 

I F ( T Z W R )  477 ,477 ,485  

DO 4 7 9  J z l r J E N D  2 8 0 0  
DELZW(J)=DELZNWfJ)*DIAFLT 2 8 1 0  
CONTINUE 2 8 2 0  
WRITE (6r467I(TWR(J)rJ=l,JEND) 2 8 3 0  
WRITE (6,469)(DELZW(J!,J=l,JEND) 2 8 4 0  
WRITE ( 6 r l 7 5 ) W L Q , W L Q H , W L Q I , W T , W F , D " E L r U H E T P r  DELTA,BIGN, 2 8 5 0  

D I A F L T = l . O / ( D I A T * F L A T N )  

l Z B I G , Z N , H I , V N E , T L I T T W I R E Y N  
1 7 5  FORMAT11H r 5 H  W L Q ' E ~ ~ . ~ , ~ X , ~ H W L Q H ' E ~ ~ O ~ ~ ~ X ~ ~ H W L Q I = E ~ ~ O ~ ~ ~ X ~  2 8 7 0  

1 5 H  WT=E13.6,3X+5H WF=E13.6,3X*5H DM=E13.6/1X,SHDIAT=El3.6,3X,  2 8 8 0  
~ ~ ~ ~ A N E L ~ E ~ ~ ~ ~ ~ ~ X ~ ~ H ~ H E T ~ ~ E ~ ~ . ~ , ~ X , ~ H D F L T A ~ E ~ ~ O ~ ~ ~ X ~ ~ ~ ~ I ~ N ~ E ~ ~ O ~ ~  2 8 9 0  
3 3 X t 5 H Z B I G = E 1 3 . 6 / 1 X , 5 H  ZN=E13 .6 r?X ,5H H I = E 1 3 0 6 , 3 X 9 5 H  VNE=E13.6, 2 9 0 0  
4 3 X , 6 H T L I T T = E 1 3 * 6 , 3 X I h H  REYNzE13 .6 )  

C 
C 

I F ( J L 2 3 - 2 )  1 2 0 , 6 1 3 , 1 2 0  
6 1 3  J L 2 3 =  3 

6 1 6  LAOTR= 1 
IF1REYN-3000 .0 )  6 1 6 * 1 2 0 , 1 2 0  

WRITE ( 6 , 6 4 6 )  



GO T O  6 0 5  
180 F C l = P D P o H * ? r A I N  

C C 2 = C L D I / F C 1  
WHl =FFlrAS2 /oDRPH 
#H5=  ( 1. r ) / Q H A I  N )  **C. 2 
WHB=PIF*PHAH 
WH2=WHl*FLDI  
A H 3 = l o 4 0 5 * F L D 1  
A T l = P I  E * D I  AT 
F C 3 = F C 2 * B I G N  

FC6=FC5*FC4 

WY3=WHZ*FSV*BIGN 

DNE3=WH3/RHAIN 
CNE=0.596+DNE3**0.2 
DTWl=RHAIN/RHAUT 
DTWZ=DTW1**0.2 
DTW=DTWZ*DNE 
WHV= BIGN*‘LDI  

FC4=ViSC/FMAS**C.6  

FC5=FC3**0.2 

FSY=0.0382*FC6+*0.208 

WY4=WY3**0.2 

w I H =  P I E * W ” + ( ( Q . 7 5 + D N E  +DLCCZ +DELTAl*DELTA*RHAH + ( 0 * 7 5 * D N E +  
1 DLCCI+RHAC*DLCC) 

WOH=PIE*WHH*((0.75*3TW +DLCCZ +DELTAl*DELTA*QHAH 

WH= WIH+WOH 
W= WH+WF+WT 

1 (0.75*DTW+DLCC)*RHAC*DLCC) 

DEBUG WHIW*WOHIWHH*W!H~DELTAIRIGN 
c 
C 

AHl=WH4*WH5 

AH4 = AH 1 * AH2*AH 3 
9 5  AH=AH4*BIGN 

A T = A T l * Z N  

A H 2 = 1  oO+DTW2 

I F ( J A T )  9 7 9 9 7 9 3 2 8  

I F ( J A T 6 ) 3 3 0 9 3 3 0 , 3 9 5  

FAHT= AHT-AHT C 
I F ( A B S ( F A H T ) / F A H T )  3 3 4 9 3 3 4 9 7 3 6  

3 2 8  KCYT=P 

330 AHTC=AH/AT 

3 3 4  NSG=-1 
GO TO 3 3 8  

336 N S G = l  

3 4 0  N S V l = N S G  
3 3 8  I F ( J A T 1 )  3 4 0 9 3 4 0 9 3 4 1  

F A H T S l = F A H T  
AHTSl=AHT 
J A T 1 = 1  

AHT =AHT 1 
GO TO 14 

A H T l = O . Z 5 * A H T l  

3 4 1  I F ( J A T 2 ) 3 4 2 9 3 4 2 * 3 6 0  
342 l F ( N S G + N S V l 1 3 4 4 r 3 4 3 r 3 4 4  
3 4 3  J A T 2 = 1  

FAHTSZ=FAHT 
AHTSZ=AHT 

I GO TO 3 7 0  
3 4 4  I F ( J A T 4 - 6 )  3 4 8 9 3 8 5 9 3 8 5  
3 4 8  J A T 4 = J A T 4 + 1  

2 9 3 9  
2910 
295r )  
2 9 6 0  
2 9 7 9  
3000 
3010 
3 0 3 0  
3 040 
3 0 5 0  
3 0 6 0  
3 070 
3 0 8 0  
3 0 9 0  
3100 
3 2 1 0  
3 2 2 C  
3 2 3 0  
3 2 4 0  
3 2 5 0  

3 2 6 0  
3 2 7 0  
3 2 8 0  
3 2 9 0  
3 3 0 0  
3 3 1 0  
3 3 2 0  
3 3 3 0  
3 3 4 0  
3 3 5 0  
3 3 6 0  
3 3 7 0  
3 3 8 0  
3 3 9 0  
3 4 0 0  
3 4 1 0  
3 4 2 0  
3 4 3 0  
3 440 
3 4 5 0  
3 4 6 0  
3 4 7 0  
3 4 0 0  
3 4 9 0  
3 5 0 0  
3 5 1 0  
3 5 2 0  
3 5 3 0  
3 5 4 0  
3 5 5 0  
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GO TO ( 3 5 0 9 3 5 2 ) 9 J A T 3  
3 5 0  AHT l=Cm25*AHT l  

AHT=AHT 1 
J A T 3 = 2  
GO TO 3 5 4  

AHT= AHT2 
J A T 3 = 1  

3 5 4  UHETP=UHETRD 
GO TO 3 8 0  

3 5 2  AHT2=AHT2+0.4 

3 6 0  I F ( N S V l + N S G ) 3 6 2 9 3 6 5 9 3 6 2  
3 6 2  NSVl=NSG 

FAHTSl=FAHT 
AHTS 1 =AHT 
GO TO 3 7 0  

3 6 5  FAHTSZ=FAHT 
AHTS 2=AHT 

3 7 0  AHTSV=AHT 
AHTDS=(AHTSl-AHTSZ)/(FAHTSl-FAHTS2) 

3 7 2  AHT=AHTSl-FAHTSl*AHTDS 
A T S T = 0 . 5 * ( A H T + A H T S V ) * F A T S T  
I F ( A B S f A H T - A H T S V ) - A T S T ) 3 9 0 , 3 8  

I F (  J A T 5 - 3 0 ) 1 4 9 1 4 9 3 8 2  

GO TO 3 9 5  

GO TO 3 9 5  

GO TO 14 

3 8 0  J A T 5 = J A T 5 + 1  

3 8 2  WRITE ( 6 , 3 8 3 ) J A T 5 9 A H T C  

3 8 5  WRITE ( S r 3 8 7 ) J A T 4 9 A H T C , N S V l  

3 9 0  J A T 6 = 1  

97 AHT=AH/AT 
C 
c 

DEBUG R F Y N , V N E , D I t R H A I N , V I S C 9 B I G N 9 J L 2 3 r L A O T R  
3 9 5  I F ( J L 2 3 - 1 )  6 3 2 9 6 3 4 9 6 3 0  
6 3 4  I F I R E Y N - 2 3 0 0 . 0 )  6 5 0 , 6 3 6 9 6 3 6  
6 5 0  WRITE ( 6 9 6 4 6 )  

6 3 6  W R I T E ( 5 9 6 1 2 )  REYN 
G O  TO 6 3 0  

G O  TO 1 2 0  
6 3 2  I F ( R E Y N - 2 3 0 0 . 0 )  6 3 8 9 6 4 0 9 6 4 0  
6 3 8  J L 2 3 =  1 

L A O T R = l  
W R I T E ( 6 r h 2 4 )  REYN 
G O  TO 6 0 5  

6 4 C  J L 2 3 =  2 
C 
C 

6 3 0  I F ( T Z W Q ) 4 6 2 , 4 6 2 , 4 7 5  
4 6 2  D I A F L T = l . O / ( D I A T * T L A T N )  3 8 8 0  

D O  4 6 5  J z l r J E N D  3 8 9 0  
DELZW(J)=DELZNW(J)*DIAFLT 3 9 0 0  

4 6 5  CONTINUE 3 9 1 0  
WRITE f 5 , 4 6 7 ) ( T W R ( J ) , J = l r J E N D )  3 9 2 0  

WRITE ( 6 * 4 6 9 ) ( D E L Z W ( J ) , J = l , J E N D )  3 9 3 0  
4 7 5  W R I T E  f 6 , 1 0 C ) A H , 3 N E , D T W , a I G N , W T , W F I W H 1 W I Z B I G I H I ~ A T ~ A H T ~ Z N * D E L T A ~  3 9 4 0  

W R I T E ( 6 , 4 6 9 )  ( F L W R I T ( J ) , J = l q J E N D )  

l D I A T 9 P A N E L , U H E T P , V N E , T L I T T W I R F Y N  
C 
C 

I F ( J L 2 3 - 2 )  1 2 0 9 6 4 2 , 1 2 0  

i 5 6 0  
3 5 7 0  
3 5 8 0  
3 5 9 0  
3 6 0 0  
3 6 1 0  
3 6 2 0  
3 6 3 0  
3 6 4 0  
3 6 5 0  
3 6 6 0  
3 6 7 0  
3 6 8 0  
3 6 9 0  
3 7 0 0  
3710 
3 7 2 0  
3 7 3 0  
3 7 4 0  
3 7 5 0  
3 7 6 0  
3 7 7 0  
3 7 8 0  
3 7 9 0  
3 8 0 0  
3 8 1 0  
3 8 2 0  
3 8 3 0  
3 8 4 0  
3 8 5 0  
3 8 6 0  

14 



6 4 2  J L 2 3 = ?  

6 4 4  L A I J T R = l  
I F ( R E Y N - 3 0 0 0 . C )  644 ,120 ,120  

WRITE ( 6 , 6 4 6 )  
GO TO 6 0 5  

1 2 0  CONTINUE 
5 2 6  CONTINUE 
5 2 5  CONTINUE 
5 3 0  I F ( R E A D - 1 . 0 )  892 ,215  

c 
C 

100 FORMAT(1H r 5 H  AH=E13.6,3X,5H DNE=E13*613X,5H DTW=El3*6 ,3X*  
1 5 H B I G N = E 1 3 * 6 , 3 X , 5 H  WT=E13*6,3X,5H W F = E 1 3 * 6 / 1 X * 5 H  WH=E13.6r3X* 
2 5 H  W=E13.6,3X,5HZBIG=E13.br3X,5H H I = E 1 3 * 6 , 3 X * 5 H  AT=E13.6*3X,  
3 5 H  AHT=E13 .6 / iX ,5H Z N = E ~ ~ . ~ ~ ~ X , ~ H D E L T A = F ~ ~ . ~ * ~ X * ~ H D I A T = E ~ ~ O ~ *  
4 2 X , 4 H P A N E L = E 1 3 . 6 r 2 X 1 6 " E T P = E 1 3 o 6 * 3 X * 5 H  V N E = € 1 3 * 6 / 1 X *  
5 5HTLIT=E13.6,?X,5HR€YN=€13.6) 

3 8 3  FOr i l r rAT( iH  t28HTROUELE - SEE STATE. NO. 3 8 2 * 4 X * 5 H J A T 5 = 1 3 * 4 X *  
15HAHTC=E12.5)  

3 8 7  FORMAT(1H ,28HTROUBLE - SEE STATE. NO. 3 4 4 9 4 X 9 5 H J A T 4 = 1 3 9 4 X *  
; 5 H A H T C = E 1 2 * 5 r I 7 )  

9 F O R Y A T ( l l E 7 . 5 )  
4 6 7  F O R M A T ( 1 2 F l O . Z )  
4 6 9  F O R V A T ( 1 2 F 1 0 . 4 )  
4 8 7  FORPAT ( / / r l H 0 1 3 5 H  CAS, L I Q U I D ,  L I Q U I D  M E T A L  RAC'IATOR/ 

1 r l H 0 9 7 3 H  NOTE - THE COMPUTED TEMP.,LAPDA AND DFL  Z P R O F I L  
1ES APE PRINTED QUT SELOW/ 

3 STATED)  
2 l H 0 9 6 5 H  T'iE OUTPUT I S  FOR TURBULENT FLOW EL3UAS.r UNLESS OTHERWISE 

C 
C 

6 1 2  FORMAT(1H ~ ~ H I N S T A B L E I ~ X S ~ H R E Y N  = E 1 2 0 5 1  
6 2 2  FORMAT(1H ,lPHFOR LAPINAR EQUAS.*ZX,5HREYN = E 1 2 0 5 1  
6 2 4  FORVAT( 1 H  ,2OHF[?R Tl lR3VLENT EQUAS.,~XI~HREYN =F12 .5 )  
6 4 6  =DRMAT (l ' iC131H OUTPUT FOR LAMINAR FLPW EQUAS.) 
5 2 4  FORMAT ( 1 4 , ( 1 0 F 7 . 5 ) )  
5 6 2  FORPAT ( lHO, / ,7CH I N P E T  DATA - L I Q U I D )  
6 6 3  FOClMAT ( l l - ' 0 . / , 1 7 H  IYPClT DATA - GAS) 
6 6 6  F3R:rlAT ( 1 H O , / r 2 6 H  INDUT DATA - L I Q U I D  METAL) 

EN? 

B I B F T C  TABLE DECK 

C 
c 

SUBROUTINE TABLE 

D I P E N S I D N  T A B L ( 1 3 9 3 6 )  
COVMON T A B L , F L " , F N C , F T A T ~ T , S L P ~ ~ , T ~ J S F  

C 
C 

3 960 
3 9 7 0  
3 9 8 0  
3 9 9 0  
4 0 0 0  

4060 
4070 
4 0 8 0  
4090 
4100 
4110 
4 1 2 0  

4 1 3 0  

4 1 5 0  
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3 1 1  I F (  FLR-2 .0  ) 2 3 9 1 @ 3 9 1 0 3  
2 3  I F ( F L R - l . 5 ) 3 1 2 , 7 0 3 * 3 0 3  

3 1 2  I F ( F L R - l . 0 ) 7 1 ~ 1 0 4 * 1 0 4  
1 0 4  1=1 

DELL=@.5 
F L R T = 1  .CI 
GO TO 6 0  

1 0 3  1=3 
D E L L = 1  .O 
FLR T = 2  0 
G O  T O  6 0  

102  I = 5  
DELL=Z.O 
FLR T = 4  0 
G O  TO 6 0  

101  I = 6  
DELL=Z.O 
FLR T = 6  0 
G O  TO 60  

3 0 3  I=2 
FLRTz1.5  
DELL=@.5  
G O  TO 6 0  

302 1 = 4  
FLR T = 3  0 
DELL= l .O  
G O  T O  60  

301 I = 7  
FLR T = 8  0 
DELL=2.@ 
GO T O  6 0  

100 I F ( F L R - l 5 . ) 2 9 9 r 2 9 9 9 3 0 0  
3 0 0  I F  ( FLR-20  0 0 )  9 9  999 930 

3 0  I F  ( i L R - 3 0 . 0  1 9 8  998 9 3 1  
3 1  I F (  F L R - 5 0 . @ ) 9 7 9 9 7 * 3 ?  

299 I=4 
F L R T z 1 0  - 0  
D E L L = 5  0 
G O  T O  6 0  

9 9  I = 9  
D E L L = 5  .O 
F L R T z 1 5  .O 
GO T O  6 0  

9 8  I = 1 0  
DELL=1@.0  
F L R T z 2 0  .@ 
GO T O  6 0  

9 7  I = l l  
DELL=20.0  
FLRT=30 .0  
GO T O  6 0  

3 2  I=12 

4 1  F L R = 1 0 5 0  
GO T O  4 0  

40 D E L L = 1 0 0 0 . 0  

I F ( F L R - 1 0 5 @ . 0 ) 4 0 , 4 1 , 4 1  

F L R T z 5 0  a 0  

GO T O  6 0  
6 0  I F ( F N C - 5 . 0 ) 6 7 9 7 0 9 2 0 0  
200 I F ( F N C - 2 0 . 0 ) 2 0 9 , 2 1 1 , Z O 6  
2 0 6  I F ( F L R - 5 @ . 0 ) 3 7 0 9 3 7 0 , 3 7 1  
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3 7 1  

370 
3 7 2  
110 

2 0 9  

67 

61 

210 
62 

7Q 

72 

213 

2 1 4  

2 1 1  

C 
C 
C 
C 
C 
C 
C 
C 

71 
401 
4 0 2  
403 
41 0 

E T A = o 1 4 5  
G O  T’3 3 7 2  
E T A ~ ~ 8 6 5 6 7 7 R 5 + F L R + l ~ o l ~ O l 9 ~ 4 + F L ~ * l ~ O l 2 7 l 2 5 ~ 7 ~ F L F * o O O ~ l ~ l 9 4 7 ~ ~  
W R i T E  ( 4 r l l O l F N C  
T O P M A T ( ~ H O , ~ ~ H F N C  91JT gF RqNCF-SEE SIJPRGUTINF TARLE-CNC=E12*5)  
G 3  T O  7 1  
FJ=21.+(FYC-500)  
J=F J 
FAJ=J 
FRACzFJ-FAJ 
K = 2  
GO TO 6 1  

J = F  J 
FAJ=J 

K=O 

F J = F N C / O o 2 5 + 1 * 0  

FRACzFJ-FAJ 

DELl=TABL(I*J)-TABLII+l*J) 
DEL2=TABL(I,J+1)-TABL(I+l*J+l) 
F R A C l = ( F L R - F L R T ) / D E L L  
ETAl=TABL(I*J)-DELl*FRACl 
ETAZ=TABL(I,J+l)-DEL2*FRACl 
E T A z E T A l - E T A 2  
IF(K-1)62972*210 
I F ( K - 2 ) 2 1 3 ~ 2 1 9 ~ ? 1 4  
ETATOTZETAl-FRAC*ETA 
SLPVE=-4oO*ETA 
FLR=FLSAVE 
GI! TO 71  
J = 2 0  
K = l  
GO TO 61  
ETATOT=ETAZ 

F L R = F L S A V E  
GO TO 7 1  
ETATOTZETAl-FRAC*ETA 
SLPME=-ETA 
F L R = F L S A V E  
GO TO 71 
ETATOT=ETA2 

FLR=FLSAVE 
GO TO 71  
J = 3 5  
K = 3  
GO TO 6 1  

SLPME=-4oO*ETA 

SLPME=-ETA 

TO SEE IF THE P O I N T  ( F L R r F N C )  I S  TABULATED I N  THE T A B L E  
TUSE = l r  THEN P O I N T  I S  TABULATED 
TUSE = 0,THEN P O I N T  I S  NOT TABULATED 

I F  (FLR-1.0) 4 2 4 * 4 0 1 * 4 0 1  
I F  (FLR-50.0)  4 0 2 r 4 0 2 r 4 2 4  
I F  ( F R A C 1 )  424r4109403 
I F  1FRAC1-1.0) 4 2 4 r 4 1 0 1 4 2 4  
I F  ( F N C ) 4 2 4 * 4 1 1 * 4 1 1  

411 I F  (FNC-20.0) 4 1 2 9 4 1 2 r 4 2 4  



412 I F  ( F R A C )  41394239413 
413 I F  (FNC-5.0) 42494239414 
414 IF (FNC-20.0)  424,423,424 

C 
C 

423 TUSE= 1.0 

4 2 4  TUSE= 0.0 
GO TO 425 

425 RETURN 
C 
C 
C 

7 9  ETAZl.0 
RETURN 
END 
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B I B F T C  GASLM LIST,QFF,DFCK 
C SAULE - G A S r L I Q U I D * L I Q U I D  METAL RADIATOR 

D I M E N S I O N  T W R ~ 1 O O ~ ~ D E L Z N W ~ 1 0 0 ~ ~ D E L Z W ~ l O O ~ ~ B C D ~ Y ~ l 2 ~ ~ F X E Q ~ l O O O ~ ~  

COMMOh F X E Q r F X A B , F L 9 r F X G A B , J I N T G I M E S H , T S T * D T S T , T S , T E M P 2 * F L A M T Y *  
1 F X A B ( I O 0 )  

1 F L A M C I E T A A ~ . G A M A ~ , E T A A ~ * G A M A ~ * F L A M ~ F W R I T € * F W R T S V  
READ (59490) ( @ C D V Y ( J ) * J = l r l 2 )  
READ (5,134) FNMESH,FMESH,TESUH,FATSTIFJINTG*TSTqDTST*FWRITE 
W R I T E ( 6 , 4 9 0 )  ( B C D Y Y ( J ) , J = l r l Z )  
WRITE (6,487) 

2 1 5  READ (5rS)STEPH,ALPHA,BETA,EMACH,RHAPIVAVG,PNAN* FCCLUITDAY, 
~ E D S L , A T I C K I G S R L O , Q L M R I T Z W R  

NYESH=FNMESH 

FWRTSV= FWRITE 
J I N T G =  F J I N T G  
MESH= FNESH 

2 P I E =  3.1415926 

C 
C BRANCH - GAS OR L I Q U I D , L I Q U I D  METAL RADIATOR 
C 

I f ( G S R L Q ) 1 6 0 , 1 6 0 r 1 5 0  
1 5 0  READ ( 5 r 9 ) S C V E L , F M A S , V I S C , U H E T R D I C P H , ? I N L T ~ T ~ X ! T ~ R H A I N ~ R H A F ~  

1 RHAH~RHAT,DDRoT*DDRDH,T11E9KF,TCGAS,TSrRHAC 
IF (CLWR) 6 6 4 , h 6 & - 6 6 5  

GO TD 667 
6 6 4  W R I T E  ( S r h 6 2 )  

6 6 5  WRITE (4,666)  
667 WRITE ( 6 * 4 ) S C V E L , F M A S ~ V I S C I U H E T R D I C P H I T I N L T ~ T E X I T *  R H A I  N 9RHAF 9 

~RHAH,RHATIPDRPT,PDRPH,THERKF,TCGAS,TS,RHAC,STE~H* ALPHASBETA, 
~EMACHIRHAPIVAVCIPNAN,FCCLU,TCAY,EPSL,ATICK,FNM~SH*FME~H,  
3 T E S U H , F A T S T , F J I N T G ~ T S T , D T S T I F W R I T E , G S R L Q ~ ~ L M R ~ T Z W R  

419 TCLC=TCGAS 
F!HAL=RHAIN 

1 5 5  F F = l . C  
GO TO 1 6 5  

160 READ ( 5 r 9 ) S C V E L ~ F M A S ~ V I S C , U H E T R D ~ C P H ~ T I N L T ~ T E X I T 9  R G A S r P I N L T ,  

0010 

0 1 2 0  
0130 
0140 
0150 

0200 
0210 
0 2 2 0  
0230 
0240 
0250 

0260 
0270 

0350 
0360 
0370 
0380 
0390 

0410 

0450 
0460 
0470 
0480 
C490 
0500 
0510 
0520 
0 5 3 0  
0540 
0550 
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FF= 1 .5 *FF2 /  ( F F 3 * T  I N L T  
C 

1 6 5  FLTN= 2.0 
c 

D E L T = ( T I N L T  - T E X I T ) / F N M E S H  
TEMPRD=TINLT-DELT/2.0 
H I  1=RHA I N / V i  ZC 
H I3=VISC*CPH/TCCAS 
I F  ( QLMR ) 2 0 4 9  2 0 4  9 2 0 1  

201 H I 4 = H I 3 * * 0 . 4  

G O  T O  2 0 6  
2 0 4  H I 4 = H I  3**0.3 

2 0 6  DELZNl=FMAS*CPH*DELT 

FMASZ=FMAS*FMAS 

H I  5=0.625*TCGAS*H I 4  

Y I 5 = 0 . 0 2 3 * T C G A S * H I 4  

DELZN2=3600.O*D€LZNl/PIE 

D E L T l = ( 6 2 . 4 5 * R H A P / R H A T ) * * P . 5  
D E L T Z = ( V A V G / S C V E L ) * * ( 2 . 0 / 3 . 0 )  
DELT3=(0.h747E-04/RHAP)**(l.0/300) 

D E L T 4 = - T D A Y * A L P H A / A L O C ( P N A N )  
BETAD=1.0 / (3 .0 *0ETA)  

DELT5=2.0/(3.0*EMACH*BETA+2.0) 
D t L T G = D I E * D E L T 4 * 3 E L T 5  
D € L T A l = D F L T l * D F L T Z * D E L T 3  

5 DELTA2=2.0*ATICK*FCCLU*DELTAl 
FPAS23=2C 3 /FMAc  
ZBG3=RHAI N*PDRDT/FF 
ZBG4=ZBG3** (5 .0 /14 .0 )  
ZBG5=(1.O~VISC)**(1.0/14~0) 

6 ZBG7=ZBG4*ZBG5 

WTl=PIE*RHAT 
TS4=TS**4 

VNE1=4.0*FPAS/(PIE*RHAIN) 

7 WFl=Z.O*RHAF 
8 READ ( 5 9 9 )  D I ~ F L R ~ F L A M R D I R E A D  

WRITE (S , lO ID I ,FLR,FLAMRD 
10  FORMATI lHO95H DI 'E13 .693X9  

15H FLR=E13.597X,7HFLAMRD=E13.6) 
C 
C 

I F ( R H A C ) 4 6 0 9 4 6 0 , 4 6 1  

G O  TO 4 6 4  
4 6 0  DLCC=O.O 

4 6 1  D I 0 4 = . 0 4 * D I  
I F ( D I 0 4 - . 0 0 1 2 5 )  4 1 7 9 4 1 5 9 4 1 5  

4 1 5  DLCC=DIO4 
GO TO 4 6 4  

4 1 7  DLCC=.00125 
C 
C 

4 6 4  DLCC2= DLCC+DLCC 
J L 2 3 =  0 
LAOTR= 2 

6 0 5  I F ( G S R L Q )  3 0 6 9 3 0 6 , 3 1 0  
3 0 6  J A T = 1  

JAT 1 = O  
JAT2=O 
J A T 3 = 2  
J A T 4 = 1  
JAT5=O 

0 5 6 0  

0 5 8 0  
0 5 9 0  
0 6 0 0  
0 6 1 0  
0 6 2 0  
0 6 3 0  
0 6 4 0  
0 6 5 0  
0 6 6 0  
0 6 7 0  
0 6 8 0  
0 6 9 0  
0700 
0710 
0 7 2 0  
0 7 3 0  
0 7 4 0  
0 7 5 0  
0 7 6 0  
0770 
0 7 8 0  
0790 
0 8 0 0  
0 8 1 0  
0 8 2 0  
0 8 3 0  
0 8 4 0  
0 8 5 0  
0 8 6 0  
0 8 7 0  

0910 

0310 
0 3 2 0  

0 3 4 0  

0 9 5 0  
0960 
0970 
0 9 8 0  
0990 
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JAT6=Q 
AHT=O. 3 
AHTl=C.? 

GO TO 3 1 2  
' O R  AHT2='?.3 

710 JAT=@ 
3 1 2  SED= Z.O*STFDH+FPSL/PIE 

C A L L  F X X ( F X E O , C X A R , F X G A B ~ C  R i M E 5  
T L  I T T 1 =  2 .O*STEDtI*FDSL /THEPY F 
I ? I Z = D I * D I  

UHETP=IlHFTPC) 
KCNT=O 

1 1  ZBG6=DI*+(12.0/7.D) 

14 UHET=UHETP 
SEPLR= SEP+( l .O+FLR) /UHET 
DZN= 000 
FLAMC= FLAMRD 
G A Y A l =  S F D L 4  
ETAA1= 1. 
F L A M T Y z  0.0 
TEYP2= TEMPRD 
C A L L  T O J f T D Y Y )  

TZERC=TDMY**3 
DELZN=DELZN2/ (TEMPRD-TSAVE) /VHET 
DZN=DELZN 
TWR I1 ) =TDMY 
D E L Z N W ( l ) = D E L Z N  
JEND=NMESH 

2 5  TSAVE=TDMY 

FLAMC= 0. 
30 DO 55 J Z 2 9 J E N D  

G A Y A l =  GAMA2 
ETAA1= E T A A 2  
TEMP2= TEMPZ-DELT 
F L A P T Y =  FLAM/TDPY**3 
C A L L  T O J ( T 3 Y Y )  
D E L Z N = D E L Z N Z / ( T E ~ p Z - T D Y Y )  /UHET 

5 0  DZN=DZN+DELZN 
TWR ( J )  =TDMY 
D E L Z N W ( J ) = D E L Z N  

5 5  CONTINUE 
I F ( J A T 1 5 7 9 5 7 9 3 2 0  

DELTB=(DZN*DELT6*DLAHT)**BETAD 
GO TCI 3 2 4  

320  DLAHT=l.O+AHT 

5 7  DELT8=(DZN*DELTSI**BETAD 
324  DELTA=DELTAZ*DELTB 

6 C  DIAT=DI+2oO*(DELTA+DLCCf 
67 Z N = D Z N / D I A T  

DEBUG DLCC 9 9  I 
C 
C 
C 

I F I L A O T R - 1 )  4 4 6 9 4 4 6 9 4 4 8  
446 I F ( G S R L Q 1  4 5 0 9 4 5 0 9 4 5 2  

i r J  NT 

1119 

1 1 5 Q  
1160 
1170 

1390 
1400 

1420 
1430 
1440 
1 4 5 0  

1460 

1 8 1 0  
1820 
1830 
1840 
1 8 5 0  
1860  
1870 
1 8 8 0  

1900 

2 030 

4 5 0  Z B G l =  0~7903*ZN*PINLT*PINLT*PTUBT*DI**4 
Z B I G =  SQRTfZBG1/(FMAS*RGAS*TINLT*VISC*FF)l 
GO TO 69 

Z B I C =  S Q R T ( Z S G l / F M A S / V I S C )  
GO T 3  69 

4 5 2  ZBG1= 0.7903*ZN*RHAIN*PDRPT*DI**4 
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4 4 8  ZBGl=FMAS23*ZN 
ZBG2=ZBG1** (9 .0 /14 .0)  

6 8  ZB I G=Z @G2*ZBG6*ZBG7 
69 F L A T N = Z N / Z B I G  

NBIG=FLATN 
B I G N = F L O A T ( N B I C ) + l . O  
I F ( F L A T N - B I G N + l . O )  7 1 9 7 1 9 7 3  

7 1  BIGN=BIGN- l .O 
7 3  VNE=VNEl /  ( B I G N * D  I 2  ) 

C 
C 
C 

I F ( L A 0 T R - 1 )  4 5 6 9 4 5 6 3 4 5 4  
4 5 6  H I =  4 .36*TCGAS/DI  

GO T O  4 5 8  
C 

4 5 4  I F ( Q L M R ) 2 1 2 9 2 1 2 9 2 1 0  
2 1 0  H I 2 = ( H I l * V N E + D I I * * O . 4  

2 1 2  H I 2 = ( H I l * V N E * D I ) * * O . 8  
GO T O  7 5  

7 5  H I = H I 5 * H I 2 / D I  
4 5 8  D I A T 3 6 = 3 6 0 0 + O / D I A T  

C BRANCH AND COMPUTE U O  
C 

I F ( Q L M R  1 5 2 0 9  5 2 0  9 5 0 3  
5 0 3  DAODI= D I A T / D I  

UOOl = D A O D I / ( 3 6 0 0 . 0 * H I )  
UOLN= ALOG(DAOD1)  
U 0 0 2 =  DIAT*UOLN/(THERKF+THERKF) 

G O  TO 5 2 2  
UHETp= l . O / ( U O O l + U C 0 2 )  

r c 
5 2 0  U H E T P = D I A T 3 6 * H I * D I  
5 2 2  DIFFUzUHETP-UHET 

TESH=(UHETP+UHFT)*TESUH/2.0 
77 A D I F F I J = A B S ( D I F F U ) - A B S ( T E S H )  

7 8  KCNT=KCNT+l 

8 2  WRITE (5983) 

G O  TO 1 2 0  

FLEN2=FLEN*FLEN 

T L I T T 2 = T L I T T l * F L E N 2 / F L A M R D  
T L I  TT=TL I TT2*TZERC 

WFZ=WF 1*FLEN 
WT2 =ZN*WT 1 

I F  ( A D 1  FFU 1 8 5  9 8 5  9 7 8  

I F I K C N T - 2 0 )  1 4 9 1 4 9 8 2  

8 3  F O R M A T ( l H O 9 3 2 H  TROUBLE-LOOK AT STATEMENT N0.78) 

8 5  F L E N = F L R * D I A T / 2  e 0  

FLDI=DIAT+Z.O+FLEN 

T L I T T W = 1 2 * O * T L I T T  

I F ( G S R L Q 1  4 4 5 9 4 4 5 9 4 3 5  
4 3 5  DCC=DI+DLCC+DLCC 

DCCZ=DCC*DCC 
WCTl=PIE*ZN/4 .0  
WCT2=RHAT*(DIAT*DIAT-DCC2) 
WCT3=RHAC*IDCC2-DI*DI )  
WT=WCTl* (wCT2+wCT3 1 
GO TO 8 7  

4 4 5  WT= P I E * Z N * ( R H A T * D E L T A * ( D I + D L C C 2  + D E L T A )  + R H A C * D L C C * ( 3 I + D L C C ) )  
8 7  WF=WFZ*ZN*TL I T T  

P A N E L = Z N * D I A T * l l . O + F L R )  

2 0 5 0  
2 0 6 0  
2 0 7 0  
2 0 8 0  
2 0 9 0  
2 1 0 0  
2 1 1 0  
2 1 2 0  

2 1 4 0  
2 1 5 0  
2 1 6 0  
2 1 7 0  

2 1 9 0  
2 2 0 0  
2 2 1 0  
2 2 2 0  
2 2 3 0  
2 2 4 0  
2 2 5 0  
2 2 6 0  
2 2 7 0  
2 2 8 0  
2 2 9 0  
2 3 0 0  
2 3 1 0  
2 3 2 0  
2 3 3 0  
2 3 4 0  
2 3 5 0  
2 3 6 0  

2 3 8 0  
2 3 9 0  
2 4 0 0  
2 4 1 0  
2 4 2 0  
2 430 
2 4 4 0  

2 4 6 0  
2 4 7 0  
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REYN=VNE*DI*RHAIN/VISC 
169 IF(GSRLQ)18Or1809170 
170  P124=1.0/?400 

P524=5*0/24oO 
P924=9.0/24.0 
DH1= PDRPH*RHAIN 
DH2= BIGN*FLDI/DHl 
DH4= DH2+*0574 
DH5=O0174+VI SC**P124 
DH6 =FM A5**P9 24 
DH=DH4*DH5*DH6 
WLQHZ=BIGN*FLDI*RHAH 

WCH2=RHAH*DELTA*(DH+DELT 
WCH3=RHAC+DLCC+lDH+DLCC) 
WLOH=WCHl+(WCHZ+WCH3) 

WLQI3=WLQI2*DH*DH 
WLQI4=WLQI3+DIt+ZN 

WLQZ=WT+WF 

455 WCH1=2.0+PIE+BIGN*FLDI 

173 WLQI2=2oO*BIGN*FLDI 

WLQI=PIE+RHAIN*WLQI4/4.0 

174 WLQ=WLQZ+WLQH+WLQI 
DEBUG WT9DLCCqDFLTAqZN 

C 
r 

tDL +DLC 

L 

DEBUG L A O T R , R E Y N ~ V N E I D I ~ R H A I N ~ V I S C ~ B I G N ~ J L ~ ~  
IF(JL23-1) 6079609,601 

609 IF(REYN-2300.0) 64896109610 
648 WRITE (6,646) 

610 WRITE(6,612) RFYN 
GO TO 601 

GO TO 120 
607 IF(REYN-2300.0) 60216149614 
602 JL23= 1 

LAOTR= 1 

GO TO 605 
WRITE (69624) RFYN 

614 JL27= 2 
C 
C 

601 IF(TZWR) 47794779485 
477 DIAFLT=l.O/(DIAT*FLATN) 

DO 479 JZlrJEND 
DELZW(J)=DELZNW(J)*3IAFLT 

479 CONTINUE 
WRITE (69467) (TWR(J),J=l,JEND) 
WRITE ( 6 9 4 6 9 ) ( D F L Z W ( J I r J = l r J E N D )  

485 WRITE (69175)WLQ9WLQH,WLQI,WT,WFIDHIDIAT.PANEL9UHETP9 DELTAIBIGNI 

175 FORMAT(1H 95H W L Q = E ~ ~ ~ ~ * ~ X ~ ~ H W L Q H = E ~ ~ ~ ~ * ~ X * ~ H W L Q ~ = E ~ ~ O ~ * ~ X ~  
l Z B I C 9 Z N , H I 9 V N E , T L I T T W t S E Y N  

15H WT=E13o6r3X95H WF=E13.693X15H D H = E ~ ~ . ~ / ~ X I ~ H D I A T = E ~ ~ . ~ ~ ~ X ,  
~ ~ H P A N E L = E ~ ~ ~ ~ ~ ~ X , ~ H U H E T P = E ~ ~ ~ ~ ~ ~ X ~ ~ H D E L T A ~ E ~ ~ ~ ~ ~ ~ X ~ ~ H B I G N ~ E ~ ~ O ~ ~  
33X95HZBIG=E13o6/1X,5H ZN=E13*693X95H HI=E130693X95H VNE=E13.69 
4 3X96HTLITT=E13*6,3X96H REYN=E13.6) 

C 
C 

I F (  JL23-2) 1209613912, 

IF(REYN-3000.0) 6169120r120 

WRITE (69646) 

613 JL23= 3 

616 LAOTR= 1 

2480 
2490 
2 500 
2510 
2 520 
2530 
2 540 
255b 
2560 
2570 
2580 
2 590 
2650 
2660 
2670 
2680 
2720 
2730 
2740 
2750 
2760 
2770 

2800 
2810 
2820 
2830 
2840 
2850 

2870 
2880 
2890 
2900 
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5 F  T f l  6 “ 5  
FC 1 =Dl lRou*QHA I h’ 
F C 4 = V I  SC/FWAS**”.6 
F C Z = F L D I / F C l  
WHl=FMAS2/PDRPH 

WHB=P I E*RHAH 
WH2=WH 1 * F L D I  
AH3=1 .405*FLDI  
A T l = P  I E+D I AT 
FC3=FC2*@ I GN 

FC6=FC5*FC4 

WH3=WHZ*FSM*BIGN 
WH4 =WH **D .2 
DNF?=WH3/4HAI Y 
DNF=0.59h*DNF7+*0.2 
DTWl=RHAIN/RHAUT 

DTW=DTWZ*DNE 
WHH= B I G N * F L D I  

1 

WH5=(1.?/RHAIN)+*C‘ .2  

FC5=FC3*+0.2 

~ ~ ~ = ~ . 0 3 a 2 + ~ ~ 6 * + 0 . 2 0 8  

DTW2=DTWl**O 2 

WIH= P IE*WHH*( (0 .75*DNE +DLCCZ +DELTA)*D tLTA*RHAH +(0 .75*DNE+ 
1 DLCC)*RHAC*DLCC) 

WOH=PIE*WHH*( (0.75*DTW +DLCC2 +DFLTA)*DFLTA*PYAH 

WH= WIH+W@V 
W= WH+WF+WT 
AHl=WH4+WH5 

AH4=AHl *AH2*AH3 

A T = A T l * Z N  

1 ( 0 . 7 5 * D T W + D L C C ) * P H A C * D L C C )  

AH2=1 O+DTW2 

9 5  AH-AH4wBIGN 

I F ( J A T )  9 7 9 9 7 9 q 2 8  

I F ( J A T 6 ) 3 3 0 9 3 3 0 9 3 9 5  

FAHTzAHT-AHTC 

3 2 8  KCNT=O 

3 3 0  AHTC=AH/AT 

I F ( A B S ( F A H T ) / F A H T )  3 3 4 9 3 3 4 9 3 3 6  
3 3 4  NSG=-1 

1 7 6  NSG=1 
3 3 8  I F ( J A T 1 )  3 4 0 9 3 4 0 , 3 4 1  
3 4 0  NSVl=NSG 

Gfl Tfl 7 7 R  

FAHTSl=FAHT 
AHTS 1 = AHT 
J A T 1 = 1  
AHT1=0 .25*AHT l  
AHT=AHT 1 
GO TO 1 4  

3 4 1  I F ( J A T 2 ) 3 4 2 9 3 4 2 9 3 6 0  
3 4 2  I F ( N S C + N S V 1 ) 3 4 4 9 3 4 3 9 3 4 4  
3 4 3  J A T 2 =  1 

FAHTSZ=FAHT 
AHT 5 2  =AHT 
GO TO 3 7 0  

3 4 4  I F ( J A T 4 - 6 )  3 4 8 9 3 8 5 9 3 8 5  
14R J A T 4 =  JAT4+1 

G O  T O  ( 3 5 0 9 3 5 2 1 9 J A T 3  
3 5 0  AHTl=O. 2 5*AHT1 

AHT = AH T 1 

2 9 7 0  
2 9 4 0  
2 9 5 0  
2 9 6 0  
2 9 7 0  
3 0 0 0  
7010 
3 0 3 0  
3 040 
3 0 5 0  
3 0 6 0  
3 0 7 0  
3 0 8 0  
3 090 
3 1 0 0  
3 2 1 0  
3 2 2 0  
3 2 3 0  
3 2 4 0  
3 2 5 0  

3 2 6 0  
3 2 7 0  

3 2 9 0  
3 3 0 0  
3 3 1 0  
3 3 2 0  
3 3 3 0  
3 3 4 0  
3 3 5 0  
3 3 6 0  
3 3 7 0  
3 3 8 0  
3 3 9 0  
3 4 0 0  
3 4 1 0  
3 4 2 0  
3 4 3 0  
3 4 4 0  
3 4 5 0  
3 4 6 0  
3 4 7 0  
3 4 8 0  
3490 
3 5 0 0  
3 5 1 0  
3 5 2 0  
3 5 3 0  
3 5 4 0  
3 5 5 0  
3 5 6 0  
3 5 7 0  
3 5 8 0  

3 2 8 0  



J A T 3 = 2  
GO TO 3 5 4  

3 5 2  AHT2=AHT2+0.4 
AHT=AHT2 
J A T 3 = 1  

3 5 4  UHETP=UHETRD 
GO TO 3 8 0  

3 6 0  I F ( N S V l + N S G ) 3 6 2 9 3 6 5 9 3 6 2  
3 6 2  N S V l = N S G  

F A H T S l = F A H T  
A H T S l = A H T  
GO TO 3 7 0  

3 6 5  FAHTSZ=FAHT 
AHT S 2 =  AHT 

3 7 0  AHTSV=AHT 
AHTDS=IAHTSl-AHTS2)/(FAHTSl-FAHTS2) 

3 7 2  AHTSAHTSl -FAHTSl*AHTDS 
A T S T = 0 . 5 * ( A H T + A H T S V ) * F A T S T  
I F ( A B S ( A H I - A H T S V ) - A T S T ) 3 9 0 , 3 8  

I F ( J A T 5 - 3 0 ) 1 4 * 1 4 9 3 8 2  
3 8 0  J A T 5 = J A T 5 + 1  

3 8 2  WRITE ( 6 9 3 8 3 1 J A T 5 r A H T C  

3 8 5  WRITE ( 6 r 3 8 7 ) J A T 4 9 A H T C 9 N S V l  
GO TO 3 9 5  

GO TO 3 9 5  

GO TO 1 4  

DEBUG WH~W,WOHIWHH,WIHIDELTAIBIGN 

7 9 0  J A T 6 = 1  

9 7  AHT=AH/AT 

C 
C 
C 

DEBUG R E Y N ~ V N E I D I I R H A I N , V I S C ~ B I C N I J L ~ ~ ~ L A O T R  
3 9 5  I F ( J L 2 3 - 1 )  6 3 2 1 6 3 4 9 6 3 0  

6 5 0  WRITE ( 6 9 6 4 6 )  
GO T O  6 3 0  

6 3 6  W R I T E ( 6 r 6 1 2 )  REYN 
GO T!7 l 2 P  

6 3 4  IFCREYN-2300.0)  6 5 0 9 6 7 6 , 6 3 6  

6 3 2  I F ( R E Y N - 2 3 0 3 . 0 )  6 3 8 9 6 4 0 r 6 4 0  
6 3 8  J L 2 3 =  1 

L A O T R = l  

GO T O  6 0 5  
W R I T E ( 6 9 6 2 4 )  RFYN 

6 4 0  J L 2 3 =  2 
C 
C 

3 5 9 0  
3 6 0 0  
3 6 1 0  
3 6 2 0  
3 6 3 0  
3 6 4 0  
3 6 5 0  
3 6 6 0  
3 6 7 0  
3 6 8 0  
3 6 9 0  
3 7 0 0  
3 7 1 0  
3 7 2 0  
3 7 3 0  
3 7 4 0  
3 7 5 0  
3 7 6 0  
3 7 7 0  
3780 
3 7 9 0  
3 8 0 0  
3 8 1 0  
3 8 2 0  
3 8 3 0  
3 8 4 0  
3 8 5 0  
3 8 6 0  

C 
6 3 0  I F ( T Z W R ) 4 6 2 * 4 6 2 . 4 7 5  
4 6 2  D I A F L T = l . O / ( D I A T * F L A T N )  3 8 8 0  

DO 4 6 5  J Z l r J E N D  3 8 9 0  
DELZW(J)=DELZNW(J)*DIAFLT 3 9 0 0  

4 6 5  CONTINUE 3 9 1 0  
WRITE (6r467)(TWR(J)rJ=l*JEND) 3 9 2 0  
WRITE ( 6 9 4 6 9 ) ( D E L Z W ( J ) r J = l , J E N D )  3 9 3 0  

4 7 5  WRITE ~ 6 r 1 0 0 ) A H ~ D N E ~ D T W ~ B I G N I W T I W F ~ W F ~ W H ~ W ~ Z B I G ~ H I ~ A T ~ A H T ~ Z N ~ D E L T A ~  3 9 4 0  
l D I A T * P A N E L , U H E T P 9 V N E I T L I T T W I R E Y N  

C 
C 

I F ( J L 2 3 - 2 )  1 2 0 , 6 4 2 9 1 2 0  
6 4 2  J L 2 3 = 3  
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I F ( R E Y N - 3 0 0 0 . 0 )  6 4 4 , 1 2 0 9 1 2 0  
6 4 4  L A O T R = l  

WRITE ( 6 1 6 4 6 )  
GO TO 6 0 5  

C 
C 

1 2 0  I F ( R E A D - l . C ) 8 * 2 r 2 1 5  4040 

3 FORYAT(6E12 .5 )  0160 
1 3 4  FORMAT(7E10 .3 )  

4 FORMAT(EE15.5)  0190 
4 9 0  F O R P A T ( 1 2 A 6 )  
4 8 7  FORMAT ( / / , 1 H 0 , 3 5 H  GAS, L I Q I J I D ,  L I Q U I D  METAL RADIATOR/  

1 9 1 H 0 1 7 3 H  NOTE - THE COMPUTED TEMPevLAMDA AND DEL 2 P R O F I L  4 1 3 0  
1 E S  ARF PRINTED OUT BELOW/ 
2 1 H 0 9 6 5 H  THE OUTPlJT I S  FOR TURBULENT FLOW EQUASor UNLESS OTHERWISE 
3 STATED)  

3 8 3  FORMAT(1H r28HTROUBLE - SEE STATE. NO. 3 8 2 1 4 X , 5 H J A T 5 = 1 3 9 4 X ,  
15HAHTC=E12.5)  

3 8 7  FORMAT(1H r28HTROUBLE - SEE STATE. NO. 3 4 4 * 4 X , 5 H J A T 4 = 1 3 , 4 X ,  
15HAHTC=E12.5,17) 

9 F O R V A T ( l l E 7 . 5 )  
4 6 7  F D R Y A T ( 1 2 F 1 0 . 2 )  
4 6 9  F D ‘ ? P A T ( 1 2 F 1 0 . 4 )  
100 FORMAT(1H r 5 H  AH=E13.6,3X95H DNE=E13.693X,5H DTW=E13.6r3Xv 

1 5 H B I G N = E 1 3 * 6 , 3 X 9 5 H  WT=E13.6,3X,5H WF=E13.6/1X,5H W H = E 1 3 0 6 r 3 X ,  
25H W=E13 .6 ,3X ,5HZBIG=E13 .6 ,3X ,5H HI=E13.6,3X,5H AT=E13.6,3X, 
35H A H T = E 1 3 * 6 / 1 X , 5 H  Z N = E l 3 . 6 r 2 X , 6 H D E L T A = E 1 3 . 6 , 3 X , 5 H D I A T = E 1 3 . 6 ~  
~ ~ X ~ ~ H P A N E L = E ~ ~ . ~ , ~ X , ~ H U H E T P = E ~ ~ . ~ P ~ X , ~ H  VNF=E13 .6 /1X ,  
5 5 H T L I T = E 1 3 . 6 r 3 X , 5 H R E Y N = E 1 3 . 6 )  

6 1 2  FORMAT(1H , S H I N S T A B L E I ~ X , ~ H R E Y N  z E 1 2 . 5 )  
6 2 2  FORMAT(1H 918HFOR LAMINAR EOUAS.,ZX,hHPEYN = F 1 2 . 5 )  
6 2 4  FORMAT( 1 H  92CHFOR TURBULENT EQUAS.,ZX,6HPEYN = E 1 2 . 5 )  
6 4 6  FORMAT ( 1 H 0 9 3 1 H  OUTPUT FOR LAMINAR FLOW FQIJAS.) 
6 6 2  FORMAT (1H0 , / ,20H INPI IT  DATA - L I Q U I D )  
6 6 3  FORMAT ( l H 0 , / , 1 7 H  IPJPIJT DATA - GAS)  
6 6 6  FORMAT ( l H C , / , 2 6 H  iN ”UT RATA - L I D i l I D  METAL)  

END 

B I B F T C  TOJ  L I S T ~ R E F I D F C K  

C 
C FOR SAULE - GAS-L-Lp 

SIJBPOIJT I NE T O J  (TDVY 1 

D IMENSION F X E Q ~ 1 C 0 C ~ ~ F X A B ~ 1 0 C ~ , F X A o , T H A ~ l O O O ~ ~  

COMMON F X E Q I F X A B I F L R , F X ~ A B , J I N T ~ , Y E S ~ , T S T , ~ T S T , T S A , T E ~ P ~ ,  
1 F X T H A ( l O C O ) , F T ~ A ( l C O Q )  

1 FLAMTY,FLAMC,ETAPl,~P~Al,ETAA2, 
2 FLAM FWR I T E 1 Fh’? T SV 

FWRTSV=FWRTSV-l.O 
5 F J I N T C = J I N T G  

7 FMFSH=MESH 
u E q H 1 =  VEqH+l 

DX= 1. @/FMFSH 
F L R l =  FLR+1.0 
KTDMY=C 

8 TDMY=TFMPZ 
C 
c 
C B F G I N  TDMY I N T E R A T I O N  

4 0 6 0  
4070 
4 0 8 0  
4090 
4 1 0 0  
4 1 1 0  
41 20 
3 9 6 0  
3 9 7 0  
3 9 8 0  
3 9 9 0 ,  
4 0 0 0  

4 1 5 0  
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C 
C 
C TO SOLVE THE D I F F E R E N T I A L  EQUA. U S I N G  SUB. DEQ2 
C AND SUB. FXX 
C 

10 TDMYZ=TDVY*TDMY 
THSA=TSA/TDMY 
FLAM=FLAMTY*TDMY**3+FLAMC 

1 2  THSA3=THSA**3 
THSA4=THSA3*THSA 

FLAMA5=FLAM*THSA5 
1 6  FLAMA4=FLAM*THSA4 

14 THSA5=1oO-THSA4 

DO 30 J z l r M E S H 1  
1 8  F X A ( J ) = - F L A Y A 5 * F X E G ( J ) - F L A M A 4  
3 0  CONTINlJE 

2 2  DO 2 5  J = l r W E S H l  

2 5  CONTINUE 

I F ( F L A M )  2 6 , 2 2 9 2 6  

THA(  J ) = l o  

GO T O  2 8  
2 6  C A L L  D E Q 2 ( T H A , F X A * F L A M t 4 o @ * M E S H , T S T 1 F W R T S V )  
28 S L P A = ( T H A ( Z ) - l . q ) / D X  

C 
C TO COVPUTE ETA AYD CAMYA 
C 

I F ( F W R T S V ) 3 3 r 3 3 , 1 3 0  
1 3 0  W R I T E ( 6 9 1 3 2 )  D X I F L R ~ . T D M Y ~ T D M Y ~ ~ T H S A ~ F L A M I T H S A ~ ~ T H S A ~ *  

1 3 2  FORMAT(1H 9 8H T @ J - 1 3 3 , ( / 8 E 1 5 . 5 ) )  
1 T H S A ~ ~ F L A M A ~ V F L A M A ~ ~ S L P A  

3 3  DO 3 5  J = l r M E S H l  
3 4  F X T H A ( J ) =  F X E Q ( J ) * T H A ( J ) * * 4  
3 5  CONTINUE 

C A L L  FNTGRL(MESHl,DX*FXTHArFTGA) 
E T 1  A=2 0-THSA4 

3 7  ETZA= ET lA*FXSAP -FTGA ( u E S H 1 )  
I F ( F L A Y ) 3 8 , 3 9 r 3 8  

19 SLPMA=C?oC 
€TAA2= 1 
GAYAD= 0. 
GO TO 4 0  

3 8  SLPMA=SLPA/FLAM 
4 3  ET3A= THSA5 +FLR* (ETZA-SLPMA)  

4 0  GAYA2= G A M A l * F T A A 2 / F T A A l  
ETAA2= E T 3 A / T H S A 5 / F L R l  

C 
C END FTA AN3 GAMA C O W D O  

C 
C 
C TO COMPUTE D E R I V A T I V F  OF ETA WRT TDUY 
C 

I F ( F L A Y ) 4 4 r 6 2 r 4 4  

TAFLR= THLASxFLR? 
44 D R T H A 1 = 4 . 0 * T H ' A 3 * T 5 4 / T D w Y 2  

DXX = 1 o r ) /F  J I NTG 
DXX4= 4 0 ?*EX X 
JDEL="ESH/J INTG 
J M E S H = - J D E L / ? + l  
I F ( FWRTSV 146 1 4 6  9 1 4 ?  
W R I  TE ( 6 9 1 4 2  ) 1 4 0  f T 1  A, FTZA, E T ? A r c T A A 2  rCiAwA2 9 

1 ~ R T H A : , T A F L R , D X X ~ D X X ~ ~ ~ L O M ~ ~  



1 (FXEQ(I),FXA(I)rTHA(I),FXTYA( I ) ,  
1 T H A I I ) , F X T H A ( I ) , I = 9 e , 1 C 1 )  

1 4 2  FORMAT(1H 9 8 H  T O J - 1 4 2 9 ( / 8 € 1 5 . 5 ) )  
46  ETAAD3zO. 

C 
C TO COMPUTE AN APPROXIMATION Ti3 THE D E R I V A T I V E  
C OF THETA WRT. TDMY 
C 

DO 5 5  J = l , J I N T G  
JMESH=JMFSH+JDFL 
TBARA = T H A ( J Y E S H )  

4 8  TBARA3 = TBARA**3 

50 DRTHA= -DRTYA2/ fDXX4*TBARA3)  
DRTHA2 = D R T H A l * ( D X X - F X A B ( J ) )  

E T A A D 1 = 4 . 0 * T 6 A R A 3 * ( D X X - F X A B ( J ) )  
5 2  ETAADZ= DRTHAwFTAADl 
5 4  ETAAD?= FTAAD3+FTAAD2 

I F (  FWRTSV 1 5 5  955 9 150 
1 5 0  W R I T E ( 6 9 1 5 2 )  J M F S H 9 T B 4 9 A 9 T B A R A 3 r D R T H A Z I  

1 D R T H A , E T A A @ l r F T A A D Z , E T A A D ?  
1 5 2  

5 5  

5 8  
6 0  

c 
C 
C 
c 
C 
C 

6 2  

6 4  

6 6  

6 8  

1 6 0  

FORMAT(1H 9 8H T O J - 1 5 2 , 1 5 r ( / 8 E 1 5 . 5 ) )  
CONTINUE 
ETAAD4= D R T H A l * F L R l * ( l . O - E T A A 2 )  
ETAAD = ( E T A A D 4 + F L R * C T A A D ? ) / T A F L R  
GAY AD= CAVA 1 *FT A A@/ F T  A A 1 

END COMP. OF D E R I V A T I V E  OF t T A  WRT TCMY 

TO SOLVE FOR TDMY B Y  NEWTONS VETHOD 

TDM Y 3= T DMY 2 * T DWY 
TDMY4= TDMYS*TDMY 
TDMY34=4eO+TDMY3 
FNWTA= TDMY4-TSA**4 
FNWT = TDMY-TEYP2+GAMAZ+FNWTA 
DFNWTA= GAMA2*TDMY34 + GAMAD*FNWTA 

TSAVE= TDMY 
DFNWT= 1 .O+DFNWTA 

TDMY= TDWY-FNWT/DFNWT 
TDTST= O.S*ABS(TSAVE+TDMY)*DTSl 
I F  ( FWPTSV) 709709 160 
W R I T E ( 6 9 1 6 2 )  K T D M Y , F T A A D 4 , E T A A D * G A M A D ,  

1 T D ~ J Y ~ , T D M Y ~ , T D ~ ~ Y ~ ~ ~ F N W T A , F N W T , D F N W T A , D F N W T A ~ D F N W T *  
2 TSAVE,TDMY*TDTST 

162  FORMAT(1H 9 8H T O J - 1 6 0 , 1 5 9 ( / 8 E 1 5 . 5 ) )  
7 0  I F ( A B S ( T S A V E - - T D M Y ) - T D T S T ) 9 0 , 9 0 , 8 5  
8 5  KTDVY= KTDF”Y+l 

I F ( K T D M Y - 3 0 ) 1 @ , 1 0 9 8 7  
8 7  W R I T E ( 6 r 8 8 ) T D M Y * T D T S T , K T D V Y  
8 8  F O R M A T I l H  ,16H TROUBLE SUB T O J , 4 X , S H T D M Y = E 1 2 . 5 * 4 X I E 1 2 . 5 , 4 X , I 3 )  
90 RETURN 

END 

B I B F T C  F X X  DECK 
SUBROUTINE F X X ( F X E Q , F X A B , F X G A B , F L R , M E S ” T C )  

C 
C FOR SAULE - GAS-L-LM AND SOLAR PRnGRAMS 

D I M E N S I O N  F X E Q ( l O O O ) r F X A B ( l O O )  
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3 FMESH=MESH 
FJINTG=JINTF 

5 DX= 1 0 /FMF CH 
MESHl=b”ESH+1 
X=- D X 

7 FLRD=1 oO/FLP 
FLRDS= FLRD*FLPD 
FLR32= FLRD+Z.O 

9 FLRD5=no5*FLRD 
C 
C 
C TO OBTAIN FUNCTIONIX) PT FACH MFSH POIVT 
C FOR USF IN SUB DF02 
C 

DO 30 J=lrM€SHl 
X=X+DX 

16 FXAl=FLRD+X 
FXA2= FXAl+FXAl-FLRDS 
FXA= 1.O-SC!RT(FXAZ)/FXAl 
FXB1= FLRDZ-X 

18 FXB2= SQRTIFXBl*FXBl-FLPDS) 
FXB= lm0-FXB2/FXB1 

20 FXEQ(J)= O.S*IFXA+FXB) 
30 CONTINUE 

C 
C 
C TO OBTAIN JINT INTEGRALS OF FUNCTInN (XI 
C 
C INTFGRALS TO BE USED IN SUB TnJ 
c 

x=o.o 
FXABl=OoO 

34 DX=l.O/FJINTG 
FXGPl=FLRDZ/FLRD 
F X G B 2 = S Q R T I F X G B l * F X G S 1 - l . n )  

36  FXGB?=FX~BZ-ATPV(FX~BZ) 
DO 50 J=l,JINTG 
X=X+DX 
FXGAl=IFLRD+X)/FLRD 
FXGA2=SQRTlFXGA1*FXGAl-loO) 

38 FXGA3= FXGAZ-ATANlFXGA2) 
FXGB4=(FLRDZ-X)/FL9D 
F X G E ~ = S Q R T ( F X G B ~ * F X G B ~ - ~ O C ’ )  

40 FXGB6=FXGB5-ATAN(FXGB5) 
FXGB7=FXG86-FXCB3 
FXAB2=-FLRDS*IFXGA3-FXG67) 
FXABlJ)=DX+FXABZ-FXABl 

42 FXABl=FXABZ 
50 CONTINUE 

C 
52 FXCAB=loO+FXABZ 
55 RETUriN 

END 

SIBFTC DEQ2 DECK 

C 
C FOR SAULE - GAS-L-LM AND SOLAR PROGRAYS 

SUBROUTINE DEQZ(TH,FX,CIPOWIMESH,TST) 

DIYENSI ON THI 1000 1 ,FX 11000) rFD( 1000) rDG( 1000) rDGD ( 1000) 
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FMESH=MESH 

DX2=DX*DX 
DGC=C*POW*DX 2 

14  DX=l.O/FMESH 

16 DYl=DVW-l.O 
FDC=( -PMl ) *C+DXZ 

DO 2 0  J= l ,MESH 
TH(  J ) = l o O  

1 8  KCNT=r! 

2 0  CONTINUE 
2 2  D G D ( l ) = O .  

DG ( 1 1 =1 0 
2 3  F D ( l ) = l . O  

C 
c T O  REDUCE M A T R I X  FROM TRI -D IAGONAL TO TWO D I A G o  
C 

DO 2 7  J Z Z r M E S H  
THPOW=TH( J )+*POW 

2 5  D G ( J ) =  - D G D ( J - 1 ) - 2 . 0 - D G C * T H P o W / T H ( J )  
D G D ( J ) = l . O / D G ( J )  
FDl=FDC*THPOW+DX2*FX(J)  

76 F D ( J ) = F D l - F O ( J - l ) / D ~ ( J - l )  
2 7  CONTINUE 

DGD(YESH)=l.O/(EG(MESH)+l.@) 
2 8  TH(MESH+ l  ) = O . O  

MESHZ=MESH+Z 
3 0  KTST=O 

C 
C TO S O L V E  FOR T H  BY BACK S U B S T I T U T I O N  
c 

DO 3 5  JJ=Z,MESH 
J=MESHZ-J J 
THSV=TH( J )  

31 T H ( J ) = D C D f J ) * ( F D ( J ) - T ~ f J + l )  1 
I F ( A B S ( T H S V - T H ( J ) ) - T S T ) 3 5 r 3 5 1 3 2  

3 2  KTST=KTST+ l  
3 5  CONTIWUE 

c 
3 6  I F (  KTST ) 4 3  9 4 3 9 3 7  
37  KCNT=KCNT+l  

I F (  KCNT-25 1 2 2 9 2 2  94c) 
40 W R I T E ( 6 9 4 1 )  KCNT,KTST 
4 3  T H ( Y E S H + l  ) = T H ( M E S H )  
41 FORMAT(1H 9 2 3 H  TROUBLE SEE SLJBR. D E Q ~ , ’ X I ~ H K C N T = I ~ ~ ~ X ( ~ H K T S T = I ~ )  
4 5  RETURN 

END 
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CoIG"ER P.RINTOUT SHEET 

Description and Symbols 

This section contains a printout sheet from the electronic d i g i t a l  computer 
for an argon gas and an ether (ET-378) example. 
inputs and outputs discussed i n  the analysis section of reference 1. 

The sheet i s  typ ica l  fo r  the 

The f i r s t  group of numbers under the t i t l e  Input Data represents the phys- 
i c a l  and thermal properties of the working f luid,  radiator material, and mete- 
oroid protection paxameters. 
a gas case as they are read from l e f t  t o  right.  
terms represent these inputs i n  the computational procedure of the computer 
program l i s t i ng .  

F i r s t  l i n e  : 

SCVEL sonic velocity, f t /sec 

A brief explanation of these inputs. follows fo r  
The symbols preceding these 

3MA.S t o t a l  mass flow ra t e ,  lb/sec 

VISC viscosi ty  of gas, lb/(  f t  ) (sec) 

UHETRD 

CPH 

TINLT i n l e t  gas temperature, 91 

first guess of overall  heat-transfer coefficient,  Btu/(hr) (sq f t ) (%)  

specif ic  heat of gas, Btu/( l b )  (91) 

WIT ex i t  gas temperature, 91 

RGAS gas constant, ft-lb/(lb)('R) 

Second l ine :  

PINLT 

RHAF 

R" 

RHAT 

FTUBT 

PTUBH 

THERKF 

TCGAS 

i n l e t  gas pressure, lb/sq f t  

f i n  density, lb/cu f t  

header density, lb/cu ft 

tube density, lb/cu f't 

pressure drop f rac t ion  i n  tubes 

pressure drop f rac t ion  i n  each header 

thermal conductivity of f i n ,  Btu/(hr)(ft)(%) 

thermal conductivity of gas, Btu/(sec)(ft)  (OR) 
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Third l ine:  

equivalent sink temperature of space, 0 R TS 

RHAC l i n e r  density, lb/cu f t  

STEPH St ef an-Bolt zmann constant 

ALPHA constant i n  meteoroid mass d is t r ibu t ion  

BETA constant i n  meteoroid mass d is t r ibu t ion  

EMACH 

RHAP meteoroid density, lb/cu f t  

veloci ty  r a t i o  exponent i n  meteoroid protection equation 

VAVG average meteoroid velocity,  f t /sec 

Fourth l ine :  

mm 
FCCLU orientat ion or occlusion fac tor  

"DAY radiator  mission time, days 

EPSL emissivity of surface coating 

ATICK 

probabi l i ty  of no meteoroid penetration 

f i n i t e  p la te  thickness and spal l ing correction factor  

FTEST er ror  t e s t  i n  computation of surface temperature 

m ST e r ror  t e s t  i n  computation of surface temperature 

"ESUH percent e r ro r  i n  overa l l  heat-transfer coeff ic ient  

F i f th  l i n e :  

FNMESH number of elemental isothermal s t r i p s  

FATST percent e r ror  i n  header-area t o  tube-area r a t i o  

GSRLQ 

&LMR 

TZWR control f o r  pr int ing of surface temperatures, conductance parameter, 

branch number (gas or l i qu id )  

branch number ( l iqu id  or l iqu id  metal) 

and length of elemental s t r i p  prof i les  

The second group of input data is  f o r  a rad ia tor  that uses l iqu id  ether  
It i s  s i m i l a r  t o  the  inputs of the  gas example (ET-378) as a working f lu id .  
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except t h a t  instead of RGAs (gas constant), RHAIN ( l iquid density, lb/cu f t )  i s  
printed. 
Instead of €"Ul3T (pressure drop fract ion i n  tubes) and F"UBH (pressure drop 
f rac t ion  i n  each header) F'DRPT (pressure drop i n  tubes, lb/sq f t )  and PDRPH 
(pressure drop i n  each header, lb/sq f t )  are printed. The difference i n  inputs 
of branch numbers GSRLQ and &LMR should a l so  be noted. For the gas example 
these inputs are  0. and 0.; f o r  the l iquid example, 0.10000E 01 and 0.; and for  
the l iquid m e t a l  example (not printed), 0.1OOOOE 01 and 0.1OOOOE 01, respective- 

The i n l e t  gas pressure F'INLT i s  not printed fo r  the l iquid example. 

lY * 

These sets of inputs are for  a simplified computational procedure when 
tabulated re la t ions  among effectiveness, conductance parameter, fin-tube pro- 
f i l e  r a t i o ,  and sink temperature are used. 
additional inputs a re  included between inputs FATST and GSRLQ. 

When a functional re la t ion  i s  used, 

FJINTG used i n  approximation of in tegra l  i n  effectiveness computations 

'j 

To, J 

TST 

DTST 

FWRITE control fo r  debug printing 

absolute error  f o r  temperature r a t i o ,  

percent e r ror  i n  surface temperature 

The group of numbers after the input data starts with parametric inputs. 

D I  inside tube diameter, f t  

FLR f in-tube prof i le  r a t i o  

FLAMRD in i t ia l  conductance parameter 

The next l i n e  represents the surface or base temperatures a t  the middle of 
each elemental s t r i p  (TWR(J) ), followed by a l i ne  of corresponding conductance 

p a m e t e r  (I?LWRIT(J)) and length of each elemental s t r i p  (DELZW(J)). 

For the gas example, the following outputs are l i s t e d  on the printout 
sheet, reading from l e f t  t o  right: 

AH t o t a l  header mea, sq f t  

DNE maximum inside diameter of inlet header, f t  

DTW maximum inside diameter of ou t le t  header, ft 

BIGN number of tubes 

WT tube weight, l b  

WF f i n  weight, l b  

WH header weight, l b  
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W 

ZBIG 

H I  

AT 

AHT 

m 
DELTA 

DIAT 

PANEL 

UHETP 

VNE 

TLIT 

REYN 

t o t a l  radiator  weight, l b  

tube length, f t  

inside f i l m  heat-transfer coefficient,  Btu/(sec)(sq f t )  (OR) 

t o t a l  tube area, sq  f t  

r a t i o  of header area t o  tube area 

t o t a l  tube length, f t  

tube and header armor thickness, f t  

outside tube diameter, f t  

panel planform area,  sq  f t  

overal l  heat-transfer coeff ic ient ,  Btu/(hr) ( sq  f t )  (OR) 

i n l e t  f l u i d  velocity,  f t / sec  

f i n  thickness, in.  

Reynolds number 

For the  l iqu id  example, most of the  symbols are t he  same as for the  gas 
example. The outputs and t h e i r  symbols, t h a t  follow, are not used i n  the gas 
example. 

w t o t a l  radiator  weight, l b  

mQH header weight, l b  

mQJ l iquid  content weight, lb 

DH header inside diameter, f t  

TLITT f i n  thickness, in. 

Lewis  Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, March 8, 1965. 
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